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J. Douglas Balcti -
Los Alams scientific Laboratory

Los Alamos, ~ 87545
.%

A8STRACT -

The opportunities for solar energy utilization In
manufactured housing such as mobile hems and mdular hems
amdlscussed. The general character stlcs of the manufactured
housing Industry are described Includtng market and prices.
Special problems of the uttllzatfon of liquld heating col-
lectors, air heating collectors, orpasslve types of solar
heatlng systems In manufactured housing are considered.
The market situation for solar energy unmanufactured
housing Is discussed. The design of”
Sclentlflc Laboratorymoblle/nmdular

I. INTRODUCTION

Manufactured housing such as %abile homes

the Los Alams
home 1s described.

./

and mdular homes presents ~~op-

pqrtunity ?cr solar energy utlllzatlon. This market is quite different than that

of site-built housing and the differmces nust be taken Into account In deter--

mining whether or not solar energy systems will be cost effective in this market.

We have concluded that there are slgnlflcantopportunities for reducing the cost

of solar energy systems in the manufacturedfiousfngmarket, however there are

also some characteristic~of that market which require one to be very careful In

assessing the marketabilityof these systems. One must be careful to Identify

the potential consumer whowlll bewllling to consider the life cycle costing In

hls purchase of a solar heated manufactured house. liehave concluded that the

greatest opportunity for sales of solar energy systems in manufactured housing

lles In the higher priced units, particularly the 24 ftwlde units which are fre-

quently manufactured in two 12 ft wide modules and asstiled on-site. Systems

which use air heating collectors orwhlch

●Work performed ul]derthe auspices of the
Admlnlstratlon.

use passive solar heating concepts may
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b tile to M built %r a Imr:ost and thus b. mm advantageous in tho manu-

fdc@md heusing rnrW3 than systems with 1Iquld-heatingcollectors.

.Ii. MJmcT’wEDWJ51M
.-

““, A m&~actur@d ho&Q Is one which Is ass-led In major mdules or as a

uhola unit ~n a factory and transfmted over the hlgtmys b the deslred location

and tlmn ●rutad on the sit@. Th@ ~Or types of manufactured hous8s are desfg-

natod as -I 1. Iio&, mdular hums, prefabricatedMS, panel1zed construction,

etc.

In a ~llo ~ Us ~lt Is built In such a way that It can be nmved from

the”sk by adding’only a.set of wheul~ and a drw bar M the front. This mans

~-tha$ the @or axial support structura-forthe hw rwalns In“placeafter the

. * Is loca”~ cm ttm site. Th@ wheels may be taken off and the unit still rs-

aalns, technically, a smblle b. Generally speaking mobile homes are putihased

et prlcss of tha order of $15 per sq ft by Indlvldualswho generally plan to llvein

“h only for a f- years. Eventhough they are ganerally not nmvad during their

lifetime, \here Is comfort In tha knowledge that the ham can be nwed.

Kdular hmes, by contrast, are usually mre pmnanent structures. They

are usually built In widths of 24 ft wlda or nme out of mdules which are

genarally 12 ft wide. Hodular homes generally sell In the price range of S16

to $20 per sq ft, dollvwed. The hanas are frequently somwhat better Insulated

and better built than mblle Fmms. Modular hcnuesan frequently set down on a

‘~wall or on a slab, and frequently conform to tha Uniform Bulldlng Code and

thus can qualify for longar term financing, such as 25 or 30 years.

Prafabrlcatedhams, panellzed construction,are other approaches which can

be usedtp reduca costs=by bulldlng major components such as

factory and thep ass~llng these sections on the site,

A brlefhlstory of market situation In the mobile home o

sm Interesting Inslte into the nature of that m~rket today

wall sections In the

ndustry wI1l give

Dur-c~gthe period

from 1947 Up through about 1957 the market situation was domlnatea by 8 ft wide

tine hams. The total sales nunhared approximately80,000 per year during this

. period. During the next 8year period from 1957 to 1965, 10 ft wide units dom-

Inatad the market with total sales nunb~rlng approximately 100,000 per year. In

1961 double-wide units and

1967, 12 ft wide units had
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12 ftwlde units

captured roughly

were Introduced Into the market, By

85% of the market and the total



-ntier of all units sold n~red approxlmmtcly 250,W0~ Fra 1967 to 1$72.~

Incrediblegrowth years for the mbl Te hme Indust@wlth the total ntier of

sales increasingto a high of 575,000 units. Fourteen fmt Kits mre Introduced -

In 1968 and by

wldes had also

RecessIon

market. Sales

units per year

1972 accounted for 16%of the total’amrk.et.The sale ofdotbl@-”

grown to capture a total of 17% of the wrkat by 1972. “

years, 1973 tJnwgh 1975 had a drastic effect on the ~ile ~

dropped fran a high of 575,CKX)units per year In 1972 to 213,~ -

In 1975. During this sw paled single family busing construc-

tion dropped fran 1,309,000 wilts &year to 829,CKMIwryear, hwevcr;-t~

nmblle honm Industrywas even hardef hlt dropping from 441 of this market to 25%.

In 1976 It appears that the title hammarket~y have stabilized. Tlm grow~ -

rate ovw the last year has been around 3(IZwith the total tir of shl~s

In the first two quarters running ;bout 250,~0 units as a seasonally adjust&l

annual rate.

The Komposltlon of a mblle hcx’mmarket has Changed very si9nlfimntlY

during this period. Fourteen foot wide units now dominate the market making up =

about half of the total. Double wldes and 12 ftwldas constitute about oM-

quarter of the market each. In two slgnlflcant states where 14 ftwlde units

cannot be shipped, California and Florida, the nunber of double-wldes Is r&ghly

twice the ntierof 12 ftwide units. The vast majority ofnmbile hems are sold

in the southern half of the Ur,ltedStates, however there are significant sales

in a few northern states.

Another welcome change is the nmre ~trlngent standards Imposed by the U.S.

Department of Housing and Urban Development. Mobile homes are now more fire and

:~lndresistantand generally much better Insulated and constructed. This leads

to a higher resale value. Wny units are also built to be more In conformance
with normal architecturalstyles and multlple-n’oduleunits are frequently put

together so as to be I’ardlydlstlngulshablefrom site built hems. These units

do cost more than the >~,,glewidesbut s~Ill far less thm site built hems.

The entire rmblle hem? Industry i> extremly competitive. A fcnvhundred

dollars dlffere?ca !n price can be very :mclal In the sales of a n’mbllehome.

The average w~lolesaleprice of a 70 ft long by 14 ft wide nmbilc home 1s appro:.l-

mately $9,0fJ0, FOB factory. This Is somwhat less than $10 per sq ft. Double-

wldesby com~~!risonare aimed at a different market and cost appreciably mom.

They seem to De generally purchased by a buver who Is looklng for better quallty

and plans to live for a longer time in the house.
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●s Indfwidul. bul.ld~n~ @n,all’kinds of sltm.

Mother comopt which Is errone4us is that *110 *s are frequently

MOV8CI. ~t WMIU lines @m ~ver roved onca they are Im;talled on a site. ‘

:-,,~ls Ii’tixfilly We of doublo-wtds mbl 10 homes--only about 1$ of double

. .

‘,. 111: ~ ENERGY SY$TWS F(IR WJFAC T,llKDIWSIN6 “
,!,.--,

“~ku$actw%d ,houilkg pres’ants~ opportunl~ ~or significantly‘louerlngthe

‘ instiljq;ion&$ts of a solar enqrgj systan in a house. Al1 of the reasons that

mufactuml housing costs less than s’I@-bul 1t housing WI11 apply to reducing

the &ts 9? tha solar energy systm ,In’manufactured housing compared to site

built hous~ng. Lat us l~k at these reasons.
-.. . 1.,.~trallti” b~fq. There a’reno middle-men In manufactured housing..
Mnufact’urersbuy In massive quentlty dlrect fran the producers.

2, Ass-l y-1Ine construction. There Is no waste tlm In a manufactured

ItouJingsltuatlon.’ P~rtsare at the right place at the right time. The units

am built quickly and nmved out quickly. Everything fits, there is no lost time

In we trlmnlng and fixing. The total constru~tlon tlm ranges from 1-1)2 days

In a mbllo ham as!s~ly line b a f6wueaks mt the nmst on a mdular hom

construction lot.

.’ 3. Lower wage costs. The labor ~rket for manufactured houstng general1y

receives lewer wages than for site-built housing. Win conblned with efficiency

of operwtlon this holds the total labor costs to a sm&ll fraction of that for

site-built housing.

All of the threa above described advantages to manufactured housing also

apply to the solar energy systan Inea manufactured house. Components can be

centrally purchased In bulk and quickly asstiled In routine fash~on Into the

manufactured houses during construction.

One of the realItlm of solar heating has been a realIzation by all con-

cerned that a predominant fract’lonof the cost of system Installation Is In

componentsother than the collector--theplplng, Insulation, controls, storage,



etc. The cost of all of these frmjumtly exceeds the costof th4 solar cull==

tors. ~ch of thls extra cost co& about because every Installati%; Is a spmial

case, sp&141 tlnwaust be taken In flttlng it togethtr In oder fit ttnl@t -

work correctly, and In trainln~ a n& group of pe~le practlcal~y ewy tlm.

Plurhlng costs are es~clally hlghwhlch leads tohlgh costs for sys~whlch “.

USQ llquld heating collectors.

The three major types of solar h-mtlng syst~ whlchmlght boan$ldeti for

nmufactured housing are the following:

1. Systms which-use liquid heating solar collectors, a water tank for

themal storage, and either farced alr~ radiant h~ating or convector h~tlng .

for the heat dlstrlbutlon to the building. “

2. Systans which us. air heating collectors, a rock bed or other fom of

thermal energy storage, and forced air dlstrlbutlon to the bulld’lng. =

3. Passive systms which utlllze natural means In order to achleva tho~l -

energy flm.

The special problems and advantages of each of thoso ty@s of sys~ in

the scenario of nmufactured housing sl~uatlonswI!l ncm be discussed.

The s~stemwhlch uses liquid heating collectors has tha problem that the

collectors are usually relatively expensive, costing $8 to $12 par sq ftof col-

lector area. Many types of liquid heating collectors an on the market, mst

approaches have been tried by several different manufacturers, and It Is unllkel~

that these costs will be reduced greatly even In a mass production situation. An

advantage to the llquid heating collector system Is that the theml storage Is

an Insulated tank of water. Although this tank Is relatlvoly large, from 600 im

1000 gallons, this will take up less space In the mblle hom than the theml

storage of the other two types.

Systems which use alr heating collectors are particularly attractive for

manufactured housing. Air heat’ng collectors can be bullt for frcnn$4 to $6

per sq ft. ArIair heating collector sy~ten req-llresa great deal of attention

design and system layout In order to mlnlmlze amount of ductlng and the amount

Insulation used. This Is no particular disadvantage In a manufactured housing

co

of

market since this engineering and layout, ~nce done, can be used repetitively dt’id

easily in the assembly llne production. If anything, the manufactured house

offers advantage in system c~actness since the houses themselves are usually

relatively compact.
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“tittil storage for an alr heating CO1lector syst~ preqents a s~clal

p-niblmlfor-manufactured housing. The nomal fom”of the&l storage for thesa

.unlti”Is a ~bbh-bed or reek-bed. A rock-bed can be located In the basmnt or

undemoath. ● how ad 1s an ur;usualIY econo&lcal f~m of the-l storage. But

wI& can a rock bed be lo&ted In a lyIusewhich 1s to be tramwrted over the

road? Msl~s the quastlon of weight, a rock bed also requlms roughly three

t~s- .tlwspare of ● uat;r tank In order to achieve the equivalent thermal stor-

e@. On. obvious solution Is to locate the thermal storage underneath the mbl lo

b by inat..lltngth mck bed In a pit underneath the mobile hmm and then

mvlng #e unit In plac~ after the rock bed Is flnlshed and then connecting up

.W3.*~@g appmprlataly. This solution has a n~er of disadvantages. One of

,~~A~@@g l%)~ntsof manufactured Fpuslne Ig the mlnlnwm of SIte work and the

s~wlth uhlch tho housing can be Installed. The installationof a rock bed

decreases this advantage. Another probl@n Is-that rock Is not available at all

SI$US, particularly In maIW locations throughout the southeast part of the U.S.

where thomblle hoamubsrket Is very large Indeed.

Another-solutlon Is to use water or a phase-changematerial In small con-

talnors torninlmlze space and weight. This has been done In the LASL nmblle/

modular houmwhlch wI1l be described later.

Passive solar heating systems are not nearly so well developed or standard-

ized, as the above two ~pes ofactlve solar systems. These systems operate on

the principle that solar energy Incident through glass In the home, can be stored

directly by absorption Into the thermal storage. The thermal storage may be In

the flnr, back wall, In a wall Inmdlately adjacent to thewlndow on the south

_slde,or in the celllng. Passively sGlar heated buildlngs have frequently used .

massive construction such as masonry for thermal storage. An attractive alter-

native is to use water In containers such as drums or bags for thermal storage..
Incorporationcifpassive solar heating Into manufactured housing presents an

unusual design challenge. Massive building construction does not seem ~ttractlve

since the houses must be portable. Hater In containers (filled after location)

my present an attractive option.

The market sltuatlon In mobile homes must be carefully assessed in judqlng

the potential for solar energy utilization In this type of housing. I dG not

bcllcve that there Is a very slgnlflcant potential for a market amonq the majority

of buyers of the 12 ft wide and 14 ft wide mobile how units. Rather It would

appear that the potential for mrket would be wch larger amng the buyers of

6



doubl~wlde units. These buyers are’usually looklng for a longer tam lnveW-

mnt In thsir housing. They aro able to pay a larger“pclc.e,they are planntng

to live In the house longer, and thus are able to consider llfe cycle costlrrgIn

their approach to buying a house. Many buyers are older couples looking for a

house for several years. Those bm= am particularly~ce~d about fuwm
fuel costs and may be vwy wllllng to Invest”a few thousand add’tlonaldoll~rs .

for protection against increasing fuel gosts since they are usually llvlng on a

flxad In-.

Hhat’price wI1l the market pay? This, of course, Is going to depand on fuel

costs. Solar heating systems are probably not going to be c~tltlvewlth na-

tural gas prices ‘i”tllthose prices go up by a factor of 3or 4. It is ~ bellef

that solar heating syst~s can be built into nmblle h- ormdular -s at

pr~ces which arac~tltlvowlth current costs of el=trlc or propane heating.

Cost conpetltlvenessdepends not only on the Initial cost but on the flnan-

clng arrangements that can be made by the purchaser of the unit. If the unit Is

financed as a m.bile hcnm with 15-year flnanclng at Intenst rates of ?2%, ?he

slt.[atlonIs quite different than If It is financed as a mdular hwm over a

period of 30years at Interest rates of9%. The nmnthly payment Is 49% greater

In the first case than In the second case. Thus, If the add-on costs of the solar

heating system Is financed along with the born, the effective cost of solar heat

to the home owner, would be 49% greater In tFe first case than in the seqond case.

Thus, If the add-on costs of the solar heating system Is financed along-with the-

home, the effective cost of solar heat to the bane owner, would IM 49% greater

In the first Instance than In the s~cond Instance If the~add-m cost of the solar

heating system Is the same In both cases. This Is ano[her reason for considering

that there is a nmre fertile market for solar heating systems in double-wide

mobile homes than In single-wides, since it is usually the double-wide ‘mbile

homes which can be qualified for longer-term, lower-interest financing.

Iv. THE GENERAL ELECTRIC K)BILE HOME PROJECT

The first effort sponsored by the Federal Government to i!,vestigate the

application of solar energy to mobile home heating and cooling was by The Gen~ral

Electric Co. Funding for this project was initiated under the National Science

Foundation and has been continued unricrthe Enerqy Rf?r,e,lrchand fkvolfpmt

Administration. The auprc)ach used by r~rieralElectric was LO modify a 1? ft h’~



66 ft *11O h butlt by the Skyllne Corp. The solar heating systu utl1Izes

a llquld-beatingcall~torwhlch Is ati on to the mof of the mblle b and

uses mtar In tanks lomtd In th9 fmm sqrport beneath the WM1O - for

tMmal stgrega. A solar cooling systa was ~160 ●dd$d to the title - unit

by lnco~rattng a llthi-brtnlde absorption-chlllarInto ttm mblle ~ and

mjectlng Jhe heat fra that chlllor through a cooling ~ on the wtslda.

The heat supply for the absorpt~on chiller was frm the solar twated hot water.

The project damstrated the technical feasibllIty of the concept. I have

sariws rasemtl m

used since the total

b9 ~arabl’e to the

The mbtle hae

ttons. In addltlon,

fairs. The unl”thas

of-~ling unit that

ts befig tested as a

about tb economtt--feaslblllty of the particular approach

add-on cost of the solar lmatlng and cooling system may well

initial cost cf the mbfla h- Itself.

has undergone a sorles of successful tests at several loca-

the tine W has been shmn extensively at mblle home

recently been mdlfled to Incorporatea Rankine-cycle type

was designed by 6eneral Electric. This Ranklne cycle unit

possible alternative to the absorption-typeof unft which

uus Inltlally Installed. -

V. THE LOS ALAI@S SCIE?4TIFICLAMATORY SOLAR ~BILE/KNlliLARMM4E PROJECT

The Los Alams Sclentlflc Laboratory (LASL) Is Investigatingthe aPPllcatlon

of solar energy to mblla/mdular ham heating and cooling through the testing

and ev~luatlon of a series of prototype solar heated and cooled homes. pr~lect

funding Is fra the Dlvlslon of Solar Enerqy of the U. S. Energy Research ar~

llevelo~t Adnlnlstratlm.

As the country’s first solar energy systm designed especially formblle/

mdular hams, the project may have far reaching effects for the housing Industry.

The market for this type of housing Is expanding rapidly and Is projected to

account for nearly one-third of the totaT U.S. single family dwellings In the

near future. The small ntier ofmanufactumm, and the ease with which a solar

heating and/or cooling systeiincan be factory Integrated Into these units, offer

a unique opportunity for Inmedlate and large scale reduction of domstic fossil

fuel cons”m’ptlonat a low cost to the consuner.

LASL’~ develofxmt plan for solar heating and cooling of mblle/mdular

hams calls for the design of four prototype units ult~ each unit einphaslzlng

different techniques for different climates. In con.jurlctlonwith home
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manufacturers,LAS4 wI1l be designing, bulldlng, testing, e#aluetlng, and
.

demonstratingthe c~lete series of prototypes. Each prototype Is Ming de-

signed to accmJl Ish the tachnlcal objectlves of developing cost cffactlve solar

heating and/rc koollng for manufactured hms.

The first untt, which has already been built, incorporatesan active solar

heating system Intoa double-wide nmbile/ndular hcm. The second unltwlll also

be solar-heated,but Itwlll utlllze a passive systias oppcmd to an ●ctlvam.

A passive syst& Is onewhlch operates automaticallywithout extirnal enargy in-

puts using direct energy transfer and natural convection as o~sed M an actlvs

systan which uses separate collectors and themal storage and requires elmtrlc

preps or fans to transfer the heat, Ccnnblnedsolar heating and cooling syst&

will be incorporatedInto the latter two units. Each unit will also tnclude the

solar heating of dmstic hot water.

A. Descriptionof Unit One

The project’s first prototype unit is an atcractlve solar heated tine/

modular buildlng located at a Los Alamos technical area site. It Is a small three

bechom house with 1-1/2 baths, a livlng room, kitchen, furnace room, utility

room, and several closets. The dimensions are 24 ft wide by 44 ft long inking

up a total of 1056 sq ft. Designed as a relocatable structure, the un~t can be

designated as either a mobile or modular hom depending on its foundation. As a

modular horns,it will conform to the Unlfonn @u’lding Code and qualify for normal

home financing.

The basic structure of the home is conventional wood fram construction.

A special truss structure was designed In order to provide for the 60° sloping

collector array on t}lesouth side of the building. 13?slgnedto minimize heat loss

and air leakage, the hom has 4 in. of fiberglass insulation In the walls, about

10 In. in the ceiling, and8 In. in the floor. Solid core exterior doors, double

pane glass windows, and double pane sliding doors are used to reduce energy ccn-

su~tion. Five narrow wind~s are interspersed between collector ~anels on the

south walls to provide additional daylight to the living areas. The building’s

physical layout reflects the special requirements of higtway transportability and

of solar energy utilization.

!)



TM ml.m Imtlng $fitm utllizos alr haatl~ collectors and a btn of glass

jars filled with water for thcaml •rn~ stor~e; This should prov~de approxl-

mt~ly ’80Sof tJw spats and ~tlc hot water heqtlng “for the house located in

tha ~ degm+day (~) Los ‘-.ams

A 17 pmml arr~ of collators

SYSW. - Each pmi Is 2 ft fide by

of 340 Sq ft. Factory ass~led In

IMt’kels ●IU fmstmed dtmctly to the

Cllmte.

pmvltis for solar hot air heating for the

10 ft long making up a total collector area

accordance with LASL’s sped fIcatlons, the

sloping south wal1 of the hme and attached

~thar by a stael cap strip to fom a weather tight roof/wall structure. They

am Insulated fm the house by a 2 In. fiberglass matte, the pl~ deck

fas~ to the trusses, and a 6 In. layer of fiberglass within the truss space.

The”collectorsare made of galvanized steel and hava a double=strmgth single

paM glass cover uhlch is scald with a silicon rubber gasket. For sunlight ab-

sorption, the exposed nmtal surface is painted with ~ flat black paint. The 60°

angle slopo of the cd lector array is a reasonable choice for any location within

the United States,

Om of the mst unique aspects of the design is the thermal storaga system

which was constructed specificallyto iit into a mininnanof space in a 4 ft by

10 ft furance roan. The thermally insulated storage bln occupies the bottcm

section of this furnace rom up to a height of Xl in. It Is filled with 1536

pint glass jars filled with ordinary tap water, sealed, and stacked In four rws

for heat storage. Heat is transferred frcnnthe solar heated alr to the water by

flowlng around the jars which are stacked about 2/3 in. apart. The caplete

package fits in a space that a conventional freezer might OCCUPY. This cwpact.
systm wI1l store sufficient energy to provide 6 to 10 bout-sof useful heat on

a cold night. An electric furnace provides the backup systm for those periods

when there is a series of cloudy days.

Dcmmstlc hot water is also provided in the system design. Integrated in the

ccl!cctor hot air retu~n is a hat water finned ccpps~ coil. Uater preheated by

the heat transfer coil is stored in a 52 gallon solar pre-heater tank. From

the pre-heater tank, the water goes to a 30 gallon tank in which it can be heated

up to higher temperatures by
the temperatureof the water

With a design capacity of 22

produce 85% of the hot water

family size of 3.7 persons.

10

the electric furnace if necessary. On sunny days,

in the solar pre-heater tank ranges from 120 to 150°.

gal/person/day at 12*F, this system is designed to

heating requirement based on a national averaq?



Unit one was designed as a part of the on-going solar research Mng d?rutul

by the Solar Energy Group o? Q-Dlvlsion at LASL. Industrialand Sys~ Engln-

eerlng, Inc., (1.S.E.) of Albuq&que, was the prime contractor for the project

and perfo~ the solar s;stem design and Integrationunder the dlrutfomof the

Solar Eneqy Group. Cbslgns for the unti were executed by Bums and Petars, an

Albuquerque architectural firm, and Aztech Internationall-~d.,Albuquerque cons-

tricted theajr coil=.am as designed by LAX.. The unltuasmanufactird by

Albuquerque Uestern Industries, Inc., (A. u. I.) under a subcontract to 1.S.6,

Albuquerque Uestern Industriesmanufacturersmblle/mdular ~ for the #au

Mexico market.

B. Thermal Performance

The theml performance of zny solar system dep?nds upon Itt locatlon and

the building’s thermal load. Ulthin the constraints i~sed t. a relocatable-

structure, the thermal load of the first mbile/mdular unit was ❑lnlmized by

adequate insulation, double glazed wlndmvs, control or inflltratlon, and s-

passive solar gains. At present, the unit is located in Los Alamos, Mat a

latitude of 35.8° north and an altitude of 7000 ftwhere thewlnter climate is

cold but sunny uith appreclab?e snwfall. .-

The measured heat load for ‘theunit Is 7.5 BTIJ/DD/sq ft. This mans that

for an outside temperature of O°F and an inside temperature of 70”F the building

heat load will be 7.5 x 1054 x /0 = 552,000 BTU/day or 23,000 BTU/hr.

Extensive computer simulations have been used to model the thermal perforn+

ante of the unit in Los Alamos using the observed weather and solar data. The

actual systen is simulated by a digital computer code on an hour-by-hour basis.

At each hour the net energy which can De ext”lcted frcrwthe cG!;iXtur array and

the themna~ load are calculated. The change In storage temperature over the hour

1s the net energy added from the collector minus storage heat losses minus the

energy extracte,!by the thermal load, divided by the storage heat capacity. This

calculation 1s repeated for each of the d,7E0 hours of the year.

The sumnary of the simulated soiar performance for the cm .ete year gives

79% soldr heat for the unit for 6600 llD. simulations for other locations are

shown in the fr.:lowlngtable alonq with the degree-clay heating load for the

Particular year which was simulated.



Percent of Total Heating
.# city Heat fran Solar oeQr’ee Davs

Phmenfx, AK
Fresno, CA
Los Angeles, CA
Santa Maria, CA
Miami, FL
Tallahassee, FL
Dodge City, KS
Lake Charles, LA
Boston, W
#bdford, PM
Lincoln, NE
Bismarck, ND
Albuquerque, NH
Los Alanaos,NH
New York, NY
Nashvllle. TN
El Paso, TX
Ft. North, TX
Charleston VA
Seattle, Ml
Madison, II/5
Echmton, .Canada
Frederlcton, Canada
Ottawa, Canada
Vancouer, Canada
Wnnlpeg, Canada

100

1%

1%’
99

;:
64 ,
67
71

::

E
73

;:
93
60
54
41
48
45
63
37

1278
2622
1700
3C65
272
1783
5199
1694
5535
5275
5995
823-1
4235
6604
5221
3805
2496
2467
2279
5143
7838
11527
9834
8832
5909

11242

C. Cost Estimate

Estimated total cost of the prototype solar heated unit is approximately

$39,000. Based on the production rate of one unit per week, it is belIeved that

the unit could be produced for around $25,000. Hlthout solar heating, a mI!ISS .

produced “nit would cost arou~d $20,000 with the same Insulation as the prototype.

Solar add-on costs therefore are approximately $5,000. The solar CO1lector panels

at about $6.50 per sq ft would cost around $2,000, and that leaves $3,000 in the

balance of the system Includlng structure, ducts, blowers, the~al storage,

centrals, etc.
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Isometric Schematic of the Solar Heating System.
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